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(54) THIN FILM PIEZOELECTRIC ELEMENT 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a thin film 
piezoelectric element which can contain longitudinal 
vibration in the thickness direction as the primary 
vibration energy by means of a piezoelectric film having 
and also has better characteristics than the conventional 
one. 

SOLUTION: This thin film piezoelectric element includes 
a silicon substrate 1, a dielectric film 21 consisting of a 
silicon nitride film 1 6 formed on the substrate 1 and a 
silicon oxide film 2 formed at the upper side of the film 
16, a lower electrode 3 formed on the film 21, a 
piezoelectric film 17 formed on the electrode 3 and an 
upper electrode 5 formed on the film 1 7. Then the 
thickness direction of the part of the substrate 1 
opposite to an area including the part where the 
electrode 5 exists is eliminated in a range covering from 
the bottom surface of the substrate 1 through the 
interface of the film 16. Thus, a via hole 6 is formed. 
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E3> <omM^tste^ak 2 *«^u<^4M<§fl:s i 

0 2 **5SU 3 0tt3«t-H (TE3) OBm^S 

k * ^S^fci-SSfSftS i 0 2 JifciRT. 
[0 04 4] 07*>4>BBf>3&^J:3(c. Sl&fcS i Oj 
mt: 3 fclfc. ^=5ri?*>fSmftK2 1 »»S g £ffi«fMB 



17<J0Jp:S2h«01. 5fg£Ltfc:-f&i:. 2<frfc-F 
(TE2) wm^fit^^Sks jWK*fc$r*««fl: 
SiOj J*£*U:2 8£LBrf CfO 
t£Sf*M2 1 <9JSS g 1 7 OH 3 2 h 

<0 1 . 5 gglhGrf-S t . mker, - ^a^SKEm^T 
i 0 fcg^tt&t^ttNtefflfck* < . J: 9£ 

[0045] ohnx 3 iz, z<r>mm<mm 1 tift 

<f. Witf . J*AM»tta2&e-F (TE 2) com^ 

zftm-zztizji-ox^ ws<ojyj#»e<Dx*/Mf 

[0046] mmcmm2 . mm<wm2<mmE%m 
xhh. 

[oo47]i8Kii in mm.<rmm2\,zxhn 
it. mmts io 2 f ( g/h > x'$>*)* mm*, mi 

«S»f 0 TJfflSfl:Lfc«tfifl3«»ffliBR ( f c/f 0 ) 

r*4. itgr^js^f c!i, m&nm-tzminvmmM 
imt\mmtx-t>&. 

[0048] m8ii. ±®WM5 cOffl^-ftJ¥S ( d 1/ 
h) kTSPm«i30Mtgfl^l$ (d2/h) kfetc 

o. io*^<on-g^mr*4. H9{i. ±gpmii5« 
a&fuss (di/h) kTi$mm3<?>mfettMii (d 

2/h) tt(=0. 2cr>m&cr>itm&% : X'h&. M 
101*. ±35SSffi5<Offl)fiftJSS (dl/h) fcTS&m 
@3<?5«^tli$ (d2/h)*5, fcttO. 30^- 
OtttBiJK-Cft*. HI Hi, ±«mfiS5oatSfl^§ 

(dl/h) ^T9m&3(^i(fr(WS ( d 2/h ) 
tf. tUzo. 40«^eot«m*-C*«. 

[0 04 9] 3 UiJl^^OSi&Ol^-H 

(TS 1 ) cO^pft^L. 3 2i*jy»-*-'<9«W>2& 
t-K(TS2)<0#tt*fU SSIiJf^-t^OHai) 
tf)3<K*-F (TS3 ) cO#tt$^t. 34«^»-f^ 
DMK)4ac«-K (TS4) <o#14i£r*U 3 5tiJ? 
AjfiSH^Ol^-F (TED OtfttSr^U 3 6J± 
Ji A«S^D02<Ji:*-H (TE 2 ) <7>!f#tt£^-f. 

[0050] 08A^0 1 1 (CSS LfcH«tSSA»feHB^ 
*>=5rJ:d{c. «tMCS i 0 2 W^^StL*:*^ 
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o . i co^<t)t Eit-K commzmmfsmai o . 

7 1 9T'£>&#. i 0 2 J5#4. 0<9i§£<OT 

Elt-h* OSfgflSBBr Jl&fc&li 0.348 CffiTlT 

[00 51] mKh^-Ymx-nmmimmm 
®.<n±>m\m. ®izmtx'\tt< . «i&fts i o 2 w 

k t t s 3 h t tt'bm&M . mmzwm^co 
&mzjzz%&wz j }-z-&<ox'wmx'b&. 
[00 52] 08T-t5. «ts-dis i Oj, mmi . 7 a 

T»in. TE2^-b'cO^YtiiBfS&a{is TS 3 
fl;Si0 2 J?*^l. 7frt>&3- 4(7>&mTl±. TE 

mmmmst.£ r )i»bz<z r ). mmts i o 2 

3. 4liLk.<0*§^ TE2^-F<0ffl1M3t®tJi!i£ifc 

[00 53] HU«fc tT . TE2t- HOSfftftaKn 
IHfcP. TS3t — Kc7>«t§<fcSIBTffii!fci5:.J: 9 t»h£ < 
&&SffrftSi0 2 J?tf>«Hti. 09Tt±*n. 9*>£> 
I-J4. 2. 01 0-m*->2. l#"o*t4. 8. 01 it 
li**72. 2*^$«J5. 3X'h&. 

[0054] iKK. ±gpmS5«7)«SYtJ?$ (dl/ 
h ) t TSSmfi£3*0«t&{U¥$ ( d 2/h ) 
*teOWC, 08a>£>01 1 kHttmt^tf-sfc. 01 
2ii. ±8PmSi5<OSitg<fcJSS (dl/h) #0. i N 
TS5m«53 (VSmimZ ( d 2/h ) # 0 . 33 C0*§H? 
0>ttJUftJll-Cft6. 01 3J4. -LSB1EfiS5<03aiM:J?$ 

(dl/h)#0. 2. cr>&mim2 (d2 

/h) #0. 3 3<^^<OttJMS*-e;fc.2>. 014(±, 

±.mM5<mmm s (di/h)*>-o. 3 „ ts&« 

®3<0&tMJ5$ ( d 2/h ) #0 . 3 3 O^OftST 
[00 55] 01 2#>£01 4(=OWC*>. TE2t- 

y commzmmmctf. t s 3 h cos^tjSBf^ 

^«fc9fc'hS<>5:S3i*gfcSi0 2 JKo&B?:**^ 
ts 01 2X12*51 . 8*^*54. 2. 013T14& 
2. 0*>£>**J4. 5. il4TliJ!)2. 1*^*S4. 9 

[oo56]0i 5iz9m<?)Bm2iz£ tmmsMm^ 

Tgpm®3*«a^*^^o. Emftmi 7#*-*vRift 

*^MSHttt*5*LT^*. 01 5<7)®wti. stfrfb 
{ 2 k h > t$> o ^f&fftn&ist ( f 

/f 0 ) Th&. fo t±. 08*^01 4 eVfrShm t 



o ) X-foh. 

[0 05 7] 01 5«, ±S5«fi&5iOffif&ftl?S (dl 
/h ) #0 . 2 . TS5«&3<7)«*Sfl^S ( d 2/h ) 
#0. 3 3T'&>). StS-ftS i0 2 m (g/h) #4. 
0<7)^-Wth»temTftO. 01 3lCfcJtl»TE2*- 
K^&teft)tl8rjgjft&#. T S 3 =6- FcoJSfg-ffcSWjg 
mi* *} t'hSv>««Te0SHaS*T** . 

[0 0 58] 0*. 3 7tiTSl^-h'c^ffc$tt£^ 
U 3 8{±TS2^-F^#imtt£:^U 3 914TS 
3*-K<0#S?8te£^U 4 0{±TS4*-K^tiC 
*S14£^U 4 ltiTEl^-K^itfSttSr^U 4 
2J4TE 2 ^- K^iStftttSr^-T. 

[0059] 01 5irt>Wt>i>*%£?tZ* TElt-K 

^TE2^-h*ti. ««««fi»fcajv^T. mmitsm 

±gpm«S5W+t=. ^S^x*;^-SrHt.iitf> 

SfMtS i o 2 m 
(g/h)tf4. 0i0«^. H^ffifSiScOl^-K 
(TED atfJ^MaJBiS^ifct-h' (TE2) £0t* 

[0060 ] 01 6ltm^,itS i 0 2 m (g/h) 
6 . 0 cn^com 1 5 fc |3I««0ff-*ifeS-C'*> 0.013 
t3i3 ft T E 2 H <0^^bgBf/§iS^^\ T S 3 * 

[0061] 01 6fre>tyt>fr%£olZ, TEl^r-H 

140 1 5 1 wimzmwmm^wm^t^-tifi. te 

2^-H{±*«31ig^0^i3c!»tt&^-r. fi£oT, Wfe 

-fts i o 2 mi s/h ) *5 4 . o ^Sfiiiito 
2^-f (TE2) zmm-r$>zti,z£*). asi 

[ o o 6 2 ] 0 1 7ii$mcomm2iz xiWNBa& 
w#tts^-r0T-*s. zzx-ii. ±gpmfii5RmFa5 
^®3#a^*^5Sro. gmftmi7tf^-?>m®frt> 

<7>#tt?-^LTv^s„ 0i7«±. iMnmsvm&im 

$ (dl/h) AJO. 2X'hK>. TSP«fii30^tff 
$ ( d 2/h ) #0 . 3 3X'$>&i%£<7>§\nMi$kX-t> 
iW^fefmi. 01 3(?)1i&bffltX'$>&. 01 7<7> 

mmit. Mfe<ts i o 2 (g/h) (kmu. 

[0063] 01 7*>*>Hflf,j&»5ri.3&c. IMSiO 
2 Jl*^3iy±*!j7tlTcoeHT-t5, TE2t-HcO^ 
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£ < . ffilSftS i 0 2 m&4 . 5ftiSTTE 2*- h*CO 

^. L*>U HI 3twt^UfeJ:3t. ffif&fc 

SiOj. J?**4. 5ULhT=3rV>t. TE2t-PiiH 

[oo64]@i 8i,±mm^m2iz 4 assjREms^p 
oA^-r >-e-r>-x ( s i i ) ai^sfcivaj^-Y 
ve-^vx ( s 2 2 ) jffl^igs^^-rEiT-^s. 01 
9 amm^mm 2iz± &mmsismT<?>mm\i<7>wz. 

®3^>*y|g£^l«fcLA:6&tt*>*>:5:'). 

Jll 7**f-?>'K#8*^3: , 5. I5tmttJK2 lASgfll^U 

n y&zrmz Limits y 3 vR*>6&i.*£oa£ 

[0 0 6 53 ±S®B5*«^i-a^^yJS«DSS« 
0. 0 5jttm, e^MoJ??{iO. 15AtmT3iS.T 
SP«S3S:lt^1-^^-^>^Jf$(iO. 0 5jLim. 6 

2h(±0. 9>um-C$>S. IHm*M2 1S:«l^i-Sgfli 

(dl/h) S.l^T»««3««ffrfEJ¥$ ( d 2/h ) 
!4&0 .33. KB»K2 1 nfflWMn ( g/h ) (4 

U£ftflKff5b0r*&(±« 14x80(/«ra)^? 
*9» AA(ffl«®5afcffi^ffi3mfiE5bi:<±0. 7 Mm 

[0 0 6 63 0184", SSH-C3irr4 3t4A*>fVt- 
^>-X ( S 1 1 ) WSJ^S^^L. 5SHTSi-4 4 {4 

aan >\*-ry* ( s 2 2 ) ©was***-*-. *>* 

0^^r*fiR* 5 8 0 0MHz#i5t 1 . 4GHzftiS 
[0 0 6 73 121 9+. M|-C^rr4 5(4ffB^3M£tt 
19*»^BH/,36>5:i'5«c % ^jSffc8 0 OMHzffj5t3ffl 

[00683 01 82U/01 9 C45V 800MHz 
Wft(?>W&\t. mxwmbnv&t-Y (TE1) fcj: 

s. 4fc. i. 4GHz#jew#tt(i. w^mmi^2 

iJC^-H (TE2) tei*. *»t-^0«H4. 
Ri8*»^SJEmf*:J81 7<9*§£. tat /0fc'ffe^U=5r^^ 

H (TE1) (4, 018Cjl.£>*t&4 3t=. Ai&ft^ 



ti&Jtolz. m&m&hZ. ifUcWLT. Jl^JaSS 
<02iK*-H (TE 2 ) {4. 01 8£Jl6ft.«J:3£, 
*«&*WUM ve-^vxWttafetLij^, El 

[00693 02 O&IX02 1 14. H-ffc^y 3 
$#2 . 0 m mcom^com 1 8&IX0 1 9 1 ^aicoa^ 

^mx-s.&. t^t. i.m^&'snmt&tmz (d 1/ 

h ) Jl.tfT*«tt3tf>*l8ft»3 ( d 2/h ) J4&0 . 

3 3. m{fcR2 10£ffr(U*tc (g/h) (±4. 7T 
ft 6. ±«1Bffi5«9Aa(8l«ffi5a2«ttlWjffll« 
ffiSbWtSto. 14X80 (Mm) <50®gT'*9. A 
:£HS®5a&tfaj;hffl!imiS5bl40. 5/nnWlTE 

[00 70 3 600MHz#j6t 1. 3 GH ztfjgtc:;* 
WWhhff. 6 0 0MHztfj5<^gR(il. 3GH 

[007 1 3 B2lA*^91^SrJ:3ic. Eijd&6 0 0 

MHzttmzm&mfffo*) . saaai. 3gh z 

[00723 H18atfH19fc:*Ufc«at»t, 0 

2 o&ix02 1 te*ufc8Bas»<w)itv«, pm*& 

2 10J?$t03tvHc4&. 01 8a.t*01 9<Oi§£co:fr 

02 0x^02 1 co^4 mm&m2 i<r>w.2& 
/hsucor. 02oao f 02i«o«^i>3t»*iBig»Ea 

01 7frt>bfr&X iL^ 
StfgitlCO 1 ac^E- K(TE1) <7)|©5&^mm<itie^ 
^iik^ {4. 01 8S.UTai 9«o^co**<A^v\. fi 

mmnfflnimpitf^ m 1 sc^*^«o** s 02 o<o«^ 

4 *) t>A§ V^4i<50fc46fcJg*>ixa . 
[00733 — *\ *«WR»?5^Wn»«V^TI4, 0 

1 8t02 ot4^at^t•|^ltT-^>s* ^ . a3g&&i4. 0 

1 9t02 1 tTHiSroTV^. 01 8*^02 1<0SJ 
ffiCJlV^SjfflWfcmWIi, 09CO%^t=i5V\ 09*> 
t>W>i>»5i:£?tz. mftltS i 0 2 »4» 018&IX0 
19<0^-**4. 2. 02OS.I/02 1<7)^6 ? 4. 7 

b'tTS3^-Ht<0^ll,*Cia<. 018SI/019 
WJ©^-^*^ 2 0 RVW 2 1 CD±ir^4 *)**>l>*r-m 

[0 0 74 3 02 2(4. 08*^01 4 t=^UcH"iCS 
TE2^-Y-hTS3^-Vtt^£^thW^ 
•ftSiOj, JlSr^t^ttOT-fc^. E2 2<0iil4 ± 

gpm®5<5o«t&m/f§ . ^i?*>«*frfb^ia5 < d 1 / 

h ) T'ft "5 . IgfMi&f&fcS i O z J? ( g/h ) Tfc 

[ 0 0 7 5 3 0+. mmrC^-TA 7 , 4 8ti±gpmS 5 
fcTg5m375>-rat^$TS>&^if^^L. -GMWiT 
^-T49, 5 0«4TSE®6l3cOM*&(hJP$ (d2/h) 



:(9) 000-209063 ( P2 0 0 0-2 0UJL8 



a*o. 33x-ho. ±&mm5<oi§.$ (di/h) &m 

teh^S*^. 0«t>. 4 7, 7 9<4TE2t- 

F k T S 3^-F b tf&M.-tZ>tmi£S iO z f(7)3*. 
0±iVv£fi9ffi£^U 48. 50(±. TE2*-Fi: 
T S 3 =6- F b tf^-fS Stefc S i O 2 JSco 3 ^05* 

[0076]i22A>^*>*^J:5t > ±Bm&5b 
TSI5S^3 <0WS*«»Sr4«*i:, -LSra&5fcTaS« 
ffi3<0!S§*<|SIt«^iT{±^i.tll^&lS<^». 12 
2 2tc^r^aT{±. ±UmSS5StTFgp®Si3^^ 

[0077] m^ttSlti. ±S8m«i5 tTS6mfii30JI 

?&SR5r. R= (p 1 d l/h + />2d2/h) fcgH 
dClT, Pl(ltaill5tf)fff(xl000k 
g/m3 ) „ p 2\±TW9fe3<?>®%. ( X 1 0 0 0 k g 

/ma ) r& o , ±gras 5 ^TSPmss 3 ftwsasi 

0. 0 5junu fi&ffiOJI£*<0. 15Aimr^ 
-£\ R=(4. 58X0. 05/0. 45 + 2 1. 62 
XO. 15/0. 4 5)X2=1 5i&&. 4. 5 8t£ 

2 1. 6 2J±&£<0&g-C&.&. 
[OO78]02 3Ji. 02 2CC^L^^77S:. flttt 

hWhttXolZ. ±grati5iTira&3<0J¥;S#M 
&6*§^<0Sl8!lFfc, ±SPmS5i:T^©3^$*i|nI 

^^ffSS^^S-r*^af){=J±, TE 2 : &— FfcT 

btf&mX'jb&. 02 3+cOTE2 ; £— HtTS3t- 

Sr^i-Si^A^afiffitigtl^^* 4: . (g/h) = 
(0. 147XR + 2. 85) fc$:»K ^*OlIiKJ:0^ 
^SrSitSftS i 0 2 »(g/h)-Cfel.;t^ J5**8 
Cattl>23rc— F (TE2) £flH*T:£*;l^— ffltil 

-t&iZi>b<?)0ffi-b%Z. 

[0079] £Lh*>j: o IC, £0>%jfc0»8tt2(cJ:;h. 
If. 3S*frffcSi0 2 JI (g/h) £ (O. 14 7XR+ 

2. 8 5) jjLhfc-raifccio, JS»«aa»o2<jct 

— F (TE2) t»HTx*A^-BItafc»Ittt* 



[0080] mfav>mm3 . 9mojm3<ofmE%m 

tfti#. i««Wt<^K»W4, JAWS 5 4*7^ 5- 
W(Al) *»^=3rS. TA-S^AtfWMBi, 269 
0 (kg/ms ) -C&S. 

[0081] H24*»&H26li. Jtttff>»JB3CJ:* 

«5*S7;WS— ^A*>i?,5:"J, T»«ffi3*«a^A»^5: 
•J. E«fMK17#-*-*>R|B (PbTiO, 
0, P«ttBl2 1 *<Btf fci' 'J 3 >frt>%& b LiiM-tsco 
#tt£3*LTlrV&. B2 4A»6QI2 6aftmii > «*&fl: 
SiOif ( g/h ) rj>0. IWi. 8tefl3BSr^8 
R (f c/f, ) 

[0082] 024(2, ±SSfi5<0SfSft«S ( d 1 

/h ) #o . i . Tmmms&Mteimz < a 2/h > 

**0. 3 3«0^cOH-^*-C'S)S. 02 511, ±SStt 
«E5?>&tS{fc^£ (dl/h) *>*0. 2. TSS««E3C0 
a«fl»S ( d 2/h ) **0 . 3 3^i§^c0ft33Sj&T 
&*. I2 6<±, ±graffi5<0JII§rtJP$ (dl/h) 
#0. 3. T*ra&3attfeftJV3 (d2/h)#0. 

3 3 a^oti-mtircfc « . 

[0083]i+ s 5 lliW*-*"^ 1<K*^F 
(TS1 ) cO^ft^^L. 5 2{4J?»-r^.O^I6c02<*: 
t-F (TS2) <?5Wtt**t % SSJiJP^-r^')^ 
«3»pe— H (TS3) Otttt^vL. 5 4\tB&f1 
*)Wme>4V?£—)* (TS4) W#ttS:^L, 5 5J1H 
*«HB»01<fc j e--F (TE1 ) cO^ttS-^L. 5 6(± 
*»«SS»<02<J:*-F (TE 2 ) CVmti&^-r. 
[00843 ±SPSffi 5 tfTA'S-V&iFttfc&m-kX' 
l>. ±^SSi5A>a^*^ : 5r&08*^iai4O%&i: 

Hfiifc, «l^bs i o 2 jwci^r, ff^«HaBo2<j!: 
^r-F (te 2 ) b ^ o mm<7i 3 <xt - (TS 

3) i:£0^/J^^*^t>-5. Z<Ofi&>^ m22<r>%&b 
nm\Z. 02 4*»4>02 6t=*LJtl^3S**»^, TE 
2^:-FfcTS3^-Ft* I 3!£l|-rSfflfSftS i Oj S 
^02 7lC^t^„ 

[0085] 0*. SctST'jirr 57,5 8*<±SP«ffi5 
*S7/U5->7A*»^S^^^. #^<0«:», 02 
2t=^L^±SP^S5^a^*^'5rS^c0fi»^, 0 

[0 086] 02 8te, 02 7^L/S/57^. 8Ml 
Sr^flS^Rt L,Tro-y hL^tc7)T*S>&. 02 8*> 

W&ffMMtf. ±®m&5ti < &&frl>%Z>%r&cr>Wmb 



• 
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m-^<CtS»t. TE2*-HtTS3 ; E-Ht*^l|-r 

zffl&itsiOz ff<D?^*£ivfrott£*-ffi.BJa> 

hj&tm^i^tibhb. (g/h) = (0. 023XR 
+ 3. 57) ktch. JiSBmH5**7*;l-$-^A*^5: 
:x*/l^Ht2^^it&SffilE^^£3P3ii-£ 
ffit&fcSiO., J? (g/h) £ (0. 023 
XR+3. 57) JS±fc-tS£fca«!fcg-C*5. 
[0087] KLbW J; 5 £<0£tt<0J$B3 fcifl 
tf, ^fgftSiOj ff(g/h) £ (0. 0 2 3XR+ 
3. 57) BLhfT-l.ifctcJ:'?. ^nan^tf:* 
- H ( T E 2 ) £ JHV t %&>~*S&X'h 

*miX'£ h^im^flh . tcti . ±g?mffi 5 A-'ffim 

[00 88] 3ri3, £*L&T*LT£fcJ*»ilffilli*>2 
K (TE2) SfflMtx^- Hta^^rtg^ 

ioTSKt-TS. &W*£fc»T&Wtt»<*>£flKigV 
li. *<o«E««o»«-pfc5PttsaSci;*»fe. V= (c/ 

[0 0 8 9] H2 9I2* mffc^yavilfl^HtjeBCc* 

o . 9 m Ltim&nm 25 1 R&ottstesra « . ®s 

VIBJ5X*8<«. 2 JJTC—K (TE 

2) fcJ**-**9&tta3<ttE-1( ( T S 3 ) ttflsm 
■ThW&itSiOt mil. 60RXS3. 6 5T*£>y. 

[0 0 9 0] 03 012. m&isVayMWtmptl. 
1 » L fc*6«>B 2 5 i: Htt0ittltt%'C& 5 . MIS' 

^5%/hS<^. JvaKsate^Ke-P (TE 2 ) 
j:J*»-*-"(9Sntro3<X%-F (TS3) ktft&tl 
«t&fcSi0 2 Wil. 6 3&tf3. 6 6T&9..I22 
5 *) t>»4 X/h3 < . 

[0091] mtkommA . mm^mm a <mm&mm 

T* & -T WH»<^®T-«. TOW* 3 *M 'J 
A ( I r ) -f D i^ACO^JSti. 2 2 5 0 0 

(kg/in' ).T*4. 

[0092] tsp«@ 3 <r>4 y y«> AffioteStttt , e 

4. ff**«17*«f-^v|MB*»4.*4»&tt, 



[0093] -Y 'J i^ACO&Jgte 22500 ( k g/m 
3 ) T-ftO . 6^<0«« (21370 (k g/m 3 ) ) 
£6WyCifiV\ Z.0>iZit>. TE2 ; t-Hi:TS3 : e-h' 

kvsa&timiMts i o 2 vow****)*;:. 02 

84ic^SST-^-r4 7 , 4 8<0«iS|;(Cjfi< =5r& . t£o 
T. TWI3W 'J S^Afrfe'SrD, *»o±gsm«fc5 
&**6fr&*t*. StiMfcs i0 2 f ( g/h ) £ 
(0. 14 7XR+2. 85) JiLtfc-rS^i:tc:J:0. 

a. 

[0094] XttO£S5 . fSfcOJ$S5*>iSI»Em5B 
^0£*fl93r«B§f±» 01RV02t=^Lfcfe»!:Kt. 

^Afci^&O. TSBmSStf-f ys^Afca^fc*. 
[ 0 0 9 5 M U y>>A«fffl4 2 2 5 0 0 ( k g/m 
3 ) rj>0. (2 13 70 (kg/m a ) ) 

iZWtoZiSW ZCOiZtb* TE2t-KfcTS3*-K 
bfitZ&t&mfefaS i0 2 JP«D«W»£^»St. 02 
8+cOSSE4lT^5 7, 5 8<OfLMt=3a<^S. 

Afr/PS-^A**^***. jfiffifts iOif (g/ 

h)£(0. 023XR+3. 5 7) ULhfTSitfc 
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[0 097] PZT«i, ^VWBfcWttAWTjS 1 ?. 

*FI±, H8A»feH14fcH«fl5Wttt5^»f» TE 
2*-FfcTS3^— Hfctfaafc-rftJBMHfcSiO, J? 
«0ttlf£^»Si:, 02 3t{lti'|Blt*£mA < #^S. 
git. EEmftJ&l 7* { ^^>'B?>'*/U3y|8fih&^^S 
aSftSiOj JS (g/h) £ (0. 14 7XR 

+ 2. 85) j.xtt'fs^fcfc.fcy. mmcomm2<om 

[0098] ist. fffltffcKi iif^r^ym/iv^y^i 
mr>t>%hi£i&tzWX* ±S?^S 5 tfT)V = A*> 
^>=5r&^(±, StS^kS iOj H ( g/h ) £ ( 0 . 0 
23XR+3. 57) HJifc-r&C:fcfcJ:9. SQ£<0^ 

ss 3 coi$r& k nm<m&&nt>tL& . 
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co i oo] iconifeco»®-c(i. nt^'j^yii 6 

16<Z)T®k, H2c0yU3y|^6 0O±ffii;c0^-Ci 

^tm-mx^h z tt><x-% s . -r%*>*>. i 
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[0102] ±j&Lizmm<?>BmT(i. &mmi 7# 
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•Silk — ®Wtl 0 00 0 (kg/m 
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/h)£(0. 023XR+3. 57)tLkk-TSifc 
fcJ:9. 5aSOJgfiS 3 k H«C92&3I## £>ix & . 
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t^u 3^ (s i > «K»fflv>i«^(cKmu««(. # 
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(MgO) ^iS^«cS!KS:fflV^^T:-t>, PW 
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^IzuxmWLtziiK 13 3 J: 3 fc. 1 oco 
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m, ;*-Att, 198 2*. pp. 189-2 3 21CT 
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tSlIOlrVUi, Ifcfflt : Neue Serie.ed. : Landolt-bornst 
ein,pp.80, Springer-Verlag, Berlin, 1981 
«0fftCO^T<±, ifciSt : B.A.Auld, "Acoustic Fields 
and Waves in Solids " , vol.1, pp. 357-382, A Wiley 
-Interscience Publication, John Wiley &; Sons, %Xf 
m$33C&M, 1997^31f4^a. pp. W9(438). pp. <M 
26 (446) -27 (447) fcfflVVfc. ZmiSitmt&ffltol&k 
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[0 109 3 
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h) iUfcfcS. E1EttJg<9JI5fc!f|tlttffilc0l¥$i*» 
*>5£* SlStgffr&'Offit&fliJPS ( g/h ) # < 0 . 15 
x R+ 2 . 8 > JJUi-C&S J: 5 tefltj£LjfcerC« 
fSS!j<?>2yre-F (TE2) Sffl^Tx^/^-Ht-a 
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( k g/m3 ) mT^Stfc*^2r& JiSPm^fc £<I;i. 
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£>5££ S^HflcHCOfflt&ffcJSS ( g/h ) # < 0 . 0 2 
3XR + 3. 5\ &L±X'$>& X 3»BEL3t<7)T. Jl^Sffif 
Wm<02<!K.*:—K (TE2) Sffl^TiW-H tii 

ft^rtg-c$> 9 , s^^^coios^ifmEm^i'? 
^mmmmwMKt'^ 0 ibis £ii t ^ t* 4. t =5:v ^ 

ft. «£*i0t®«*J)SV^±l£^^5:^±S:^i»at 
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*-^^MLfciet, ft&mjjizx&icmtzx&m? 
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= 0. 1 ) 2r^-f0T*S. 
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[017] i^?gi#^&<^«2fcJ:SiI)lEm^ 
[018] £ Oftifla&tOJRlll 2 fc J: * WREE«X 
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[019] £0H!»9|lit^Ni2 fc J: SISREEtt* 
?(^UH9tt(s/h=4. 2) Sr^-r0Tfcl». 
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>^-y>^m. ( g/h = 4 . 7 ) s-^-rs-e 
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=i-<mmm. (g/h=4. 7) *jjr$-0-c*s. 

[02 2] «tt*SB8ft«ff»fcLT*Lfc, i<0« 
Wcomt&cr>Bm2t,z£ &^KJI*^^0TE 2*- H fc 
TS3t- H**2CEH-t^a*frft:S i 0 2 J»^STHT* 

[023] 8Stt*^flS5BSfc LXOiLtz. Z.<7y$m> 

3^-K*i^M-t&^Sfl:S iO, J5^^-T0T-S>&. 
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^cr>mx^mn^m.w& (di/h = o. 1, d2/ 

h = 0. 33) *7KtmTh&. 
[02 5] iO%BJ^Ml<7)Jgll3tCJ:i»^)KEmS 

^m^ismmmemt (di/h=o. 2, d2/ 

h = 0. 33) £SVt0T*&. 
[02 6] i <?>W$<?)&M?)ffi { !& 3\z£h WW3£^M 

i-nmm^ftwmm (di/h=o. 3, d2/ 
h=o. 33) z^-rmxbz,. 
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^5-^-fBr®0rj>&. 
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[03 7] E«ffcffi#P Z T*^^r&fi!*(OaEJBiE« 
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